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DESCRIPTION 
OUTDOOR APPARATUS 

5 TECHNICAL FIELD 

[0001] The present invention generally relates to an 
outdoor apparatus that is installed outdoors, such as a 
junction box or a power conditioner used in a solar power 
generation system, etc. , and more specifically relates to 
10 an improvement in a rainwater-proof structure of an outdoor 
apparatus . 

BACKGROUND ART 

[0002] A solar power generation system includes a plurality 
15 of solar cell modules that are disposed on a roof, a 
junction box, in which the wiring from the solar cell 
modules are arranged together into one and from which the 
DC power from the solar cell modules is supplied to a power 
conditioner, and the power conditioner that converts the DC 
20 power from the junction box to AC power and links the AC 
power to a system power supply. Various electronic 
circuits such as a booster circuit, an inverter unit and 
the like are incorporated in the junction box and the power 
conditioner. Therefore, waterproofing measures are taken 
25 to prevent entry of rainwater into the interior of the 
junction box and the power conditioner. 

[0003] A casing for such a type of junction box or power 
conditioner includes an outer box, a front face of which is 
open, and a lid that closes the front opening. 
30 Waterproofing measures are necessary to prevent entry of 
rainwater into the casing through gaps between the outer 
box and the lid. 

[0004] With an arrangement disclosed in Patent Document 1, 
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an upper surface 102 of an outer peripheral portion, 
forming a front opening 101 of an outer box 102, has 
mounted thereto a plate member 103 that protrudes from the 
upper surface 102 and has a bent guiding portion at the tip, 
5 an upper surface 104b of a lid 104 for closing the front 
opening 101 has mounted thereto an L-shaped plate member 
105 that extends so as to protrude downward, and the entry 
of rainwater into the interior is prevented by surface 
contact of a surface 103a of the plate member 103 and a 
10 surface 105a of the plate member 105 as shown in Fig. 24. 
[0005] Patent Document 1: Japanese Published Unexamined 
Patent Application No. 2004-31481 (Fig. 4) 

DISCLOSURE OF INVENTION 

15 PROBLEM TO BE SOLVED BY THE INVENTION 

[0006] With the structure explained in Patent Document 1, 
because the entry of rainwater into the interior is 
prevented by employing a plane-to-plane contact structure, 
rainwater can be sucked up due to a capillary phenomenon 

20 and can enter into the interior through the gaps between 

the planes, especially during a severe storm or a downpour. 
[0007] The present invention has been made in view of the 
above issue and an object thereof is to provide an outdoor 
apparatus, with which the reliability of the waterproof 

25 function against the entry of rainwater is improved over a 
long term. 

MEANS FOR SOLVING PROBLEM 

[0008] To solve the above problems and to achieve the above 
30 objects, according to an aspect of the present invention, 

an outdoor apparatus includes a box-shaped main casing body 
that has an opening formed at a front face and houses at 
least one electronic circuit board in an interior thereof; 
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and a box-shaped front panel that covers the front opening 
of the main casing body, wherein an upper plate of the main 
casing body having a front face that protrudes upward and 
has a plate-like rearward protrusion that protrudes 
5 rearward from the upward protrusion, and the front panel 
having a bent portion that is bent substantially 
perpendicularly from a front panel upper plate that opposes 
the upward protrusion of the main casing body and contacts 
a tip of the rearward protrusion of the main casing body. 

10 [0009] According to another aspect of the present invention, 
an outdoor apparatus includes a box-shaped main casing body 
that has an opening formed at a front face and that houses 
at least one electronic circuit board in an interior 
thereof; and a box-shaped front panel that covers the front 

15 opening of the main casing body, wherein each of a left 

side plate and a right side plate of the main casing body 
having formed thereon at least one protrusion that extends 
vertically and substantially contacts a corresponding side 
plate among a left side plate and a right side plate of the 

20 front panel 

[0010] According to still another aspect of the present 
invention, an outdoor apparatus includes a box-shaped main 
casing body that has an opening formed at a front face and 
that houses at least one electronic circuit board in an 

25 interior thereof; and a box-shaped front panel that covers 
the front opening of the main casing body, and each of a 
left side plate and a right side plate of the front panel 
having formed thereon at least one protrusion that extends 
vertically and substantially contacts a corresponding side 

30 plate among a left side plate and a right side plate of the 
main casing body. 

[0011] According to still another aspect of the present 
invention, an outdoor apparatus includes a box-shaped main 
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casing body that has an opening formed at a front face and 
that houses at least one electronic circuit board; and a 
box-shaped front panel that covers the front opening of the 
main casing body, and each of a left side plate and a right 
5 side plate of the main casing body having formed thereon at 
least one protrusion that extends vertically and 
substantially contacts a corresponding side plate among a 
left side plate and a right side plate of the front panel, 
and each of the left side plate and the right side plate of 

10 the front panel having formed thereon at least one 

protrusion that extends vertically and substantially 
contacts a corresponding side plate among the left side 
plate and the right side plate of the main casing body. 
[0012] According to still another aspect of the present 

15 invention, an outdoor apparatus that incorporates a heat 
sink and has a box-shaped casing, having a plurality of 
aligned ventilation holes formed on an upper plate and a 
lower plate so as to oppose the heat sink, and wherein 
inter-hole margins of the upper plate of the casing that 

20 are formed between ventilation holes are recessed downward 
with respect to other portions of the upper plate. 
[0013] According to still another aspect of the present 
invention, an outdoor apparatus includes a box-shaped main 
casing body that has an opening formed at a front face, 

25 houses a heat sink and at least one electronic circuit 
board in an interior thereof, and has the aligned 
ventilation holes formed on an upper plate and a lower 
plate so as to oppose the heat sink; the heat sink that is 
disposed at a rear portion of the main casing body and has 

30 a base plate and radiating portions; the electronic circuit 
board that is mounted on the base plate of the heat sink; a 
box-like inner cover that is positioned inside the main 
casing body and covers the electronic circuit board-; and a 
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box-shaped front panel that covers the front opening of the 
main casing body, wherein in the main casing body, a region 
in which the heat sink is disposed and which is exposed to 
an exterior via the ventilation holes is sealed with 
5 respect to a region in which the electronic circuit board 
is positioned, and an upper plate of the inner cover is 
inclined downward from a rear side to a front side. 

EFFECT OF THE INVENTION 

10 [0014] With one aspect of the present invention, because 
the front face of the upper plate of the main casing body 
is protruded upward, the plate-like rearward protrusion 
that protrudes rearward from the upper protrusion is 
provided, and the front panel has the bent portion that is 

15 bent substantially perpendicularly from the front panel 

upper plate that opposes the upper protrusion of the main 
casing body and contacts the tip of the plate-like rearward 
protrusion of the main casing body, a plane-to-line contact 
structure is arranged by which rainwater can be prevented 

20 definitely from being sucked up by the capillary phenomenon 
and entering into the interior of the main casing body as 
in the conventional waterproof structure based on plane-to- 
plane contact, and improved waterproof reliability can thus 
be provided even under severe storm conditions. Also with 

25 the present invention, because the structure is realized by 
bending and without mounting separate parts to the main 
casing body, there is little worry of water leakage 
occurring due to gaps between mounted parts . 
[0015] With the next aspect of the present invention, 

30 because each of the left side plate and the right side 

plate of the main casing body has formed thereon at least 
one protrusion that substantially contacts the 
corresponding side plate among the left side plate and the 
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right side plate of the front panel, gaps are eliminated 
from the lateral portions of the main casing body and the 
front panel. The entry of rainwater from the lateral 
portions is thereby prevented definitely and improved 
5 waterproof reliability can be provided even under severe 
storm conditions. 

[0016] With the next aspect of the present invention, 
because each of the left side plate and the right side 
plate of the front panel has formed thereon at least one 

10 protrusion that substantially contacts the corresponding 
side plate among the left side plate and the right side 
plate of the main casing body, gaps are eliminated from the 
lateral portions of the main casing body and the front 
panel. The entry of rainwater from the lateral portions is 

15 thereby prevented definitely and improved waterproof 
reliability can be provided even under severe storm 
conditions . 

[0017] With the next aspect of the present invention, 
because each of the left side plate and the right side 

20 plate of the main casing body has formed thereon at least 
one protrusion that substantially contacts the 
corresponding side plate among the left side plate and the 
right side plate of the front panel and each of the left 
side plate and the right side plate of the front panel has 

25 formed thereon at least one protrusion that substantially 
contacts the corresponding side plate among the left side 
plate and the right side plate of the main casing body, 
gaps are eliminated from the lateral portions of the main 
casing body and the front panel. The entry of rainwater 

30 from the lateral portions is thereby prevented definitely 
and improved waterproof reliability can be provided even 
under severe storm conditions . 

[0018] With the next aspect of the present invention, 
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because the portions (inter-hole margins) between the 
ventilation holes of the heat sink on the upper plate of 
the casing are depressed downward with respect to the other 
portions of the upper plate, a structure is realized with 
5 which the rainwater that collects on the upper plate drops 
downward readily and the rainwater that reaches the 
portions between the ventilation holes does not move 
readily in lateral directions but drops downward readily. 
The entry of rainwater into the interior of the casing from 
10 the upper portion of the heat sink is thus prevented and 

improved waterproof reliability can be provided even under 
severe storm conditions . 

[0019] With the next aspect of the present invention, 
because the upper plate of the inner cover is inclined 

15 downward from the rear side to the front side, even if 

rainwater enters by chance toward the electronic circuit 
board side of the main casing body from the heat sink side 
or the upper portion of the casing, the entering rainwater 
can be made to flow immediately toward the front by the 

20 inclined upper plate, thereby preventing the entry of 

rainwater into the electronic circuit board area. Improved 
waterproof reliability can thus be provided even under 
severe storm conditions . 

25 BRIEF DESCRIPTION OF DRAWINGS 

[0020] Fig. 1 is a perspective view of an external 
arrangement of a junction box according to an embodiment of 
the present invention; 

Fig. 2 is an exploded perspective view of a front 
30 panel and a main casing body; 

Fig. 3 is a front view of an internal structure of the 
main casing body in a state where an inner cover and a 
terminal block cover are removed; 



Fig. 4 is a front view of the internal structure of 
the main casing body in a state where the inner cover and 
the terminal block cover are mounted; 

Fig. 5 is a four-view drawing of the main casing body 
5 as viewed from four sides; 

Fig. 6 is a partial sectional view taken on Dl-Dl of 
details of an Al portion of Fig. 5; 

Fig. 7 is a partial sectional view taken on D2-D2 of 
details of an A2 portion of Fig. 5; 
10 Fig. 8 is a partial sectional view taken on D3-D3 of 

details of an A3 portion of Fig. 5; 

Fig. 9 is a three-view drawing of the front panel as 
viewed from three sides; 

Fig. 10 is an enlarged sectional view taken on B-B of 
15 details of an A4 portion of Fig. 9; 

Fig. 11 is a three-view drawing of a heat sink as 
viewed from three sides; 

Fig. 12 is a three-view drawing of the inner cover as 
viewed from three sides; 
20 Fig. 13 is a three-view drawing as viewed from three 

sides of the junction box in a state where a heat sink 
front cover is mounted on the main casing body; 

Fig. 14 is an enlarged sectional view of details of an 
A5 portion of Fig. 13; 
25 Fig. 15 is an enlarged sectional view of details of an 

A6 portion of Fig. 13; 

Figs. 16A to 16D are enlarged sectional views of a 
modified form of a lateral waterproof structure; 

Fig. 17 is an enlarged sectional view of details of an 
30 A7 portion of Fig. 13; 

Fig. 18 is an enlarged sectional view of details of an 
A8 portion of Fig. 13; 

Fig. 19 is a sectional view of a sealing structure of 
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the heat sink and the main casing body; 

Fig, 20 is a perspective view for depicting a 
positioning of a sealing for the heat sink; 

Fig. 21 is a three-view drawing of a sealing structure 
5 of the heat sink and the main casing body; 

Fig. 22 is a perspective view of a mode of positioning 
of a power circuit board and a small heat sink with respect 
to the heat sink; and 

Fig. 23 is a front view of the small heat sink; and 
10 Fig. 24 is a sectional view of a conventional art. 
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63 step 
70, 71 packing 
80, 81 caulking 
90 small heat sink 
5 91 power element 
92 keel 

BEST MODE(S) FOR CARRYING OUT THE INVENTION 
[0022] Exemplary embodiments of an outdoor apparatus 

10 according to the present invention shall now be explained 
in detail based on accompanying drawings . The present 
invention is not restricted by the embodiments. 
[0023] The embodiment of the present invention shall be 
explained with the help of Fig. 1 to Fig. 22. In the 

15 embodiments the invention is applied to a junction box 

(multi-array converter) used in a solar power generation 
system. As is well known, in a junction box, wirings from 
the solar cell modules are arranged together into one and 
connected to a power conditioner, moreover, the junction 

20 box has switches used in maintenance and inspection of the 
solar cell modules, a lightning arrester, a reverse flow 
preventing diode that prevents the reverse flow of 
electricity to the solar cell modules, a booster circuit 
that boosts DC power from the solar cell modules, etc. 

25 [0024] Fig. 1 is a perspective view of an external 

arrangement of the junction box according to an embodiment 
of the present invention; Fig. 2 is an exploded perspective 
view of a front panel and a main casing body; Fig. 3 is a 
front view of an internal structure of the main casing body 

30 in a state where an inner cover and a terminal block cover 
are removed; Fig. 4 is a front view of the internal 
structure of the main casing body in a state where the 
inner cover and the terminal block cover are mounted; Fig. 
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5 is a four-view drawing of the main casing body as viewed 
from four sides; Fig. 6 is a partial sectional view taken 
on Dl-Dl of details of an Al portion of Fig. 5; Fig. 7 is a 
partial sectional view taken on D2-D2 of details of an A2 
5 portion of Fig. 5; Fig. 8 is a partial sectional view taken 
on D3-D3 of details of an A3 portion of Fig. 5; Fig. 9 is a 
three-view drawing of the front panel as viewed from three 
sides; Fig. 10 is an enlarged sectional view taken on B-B 
of details of an A4 portion of Fig. 9; Fig. 11 is a three- 

10 view drawing of a heat sink as viewed from three sides; Fig. 
12 is a three-view drawing of the inner cover as viewed 
from three sides; Fig. 13 is a three-view drawing as viewed 
from three sides of the junction box in a state where a 
heat sink front cover is mounted on the main casing body; 

15 Fig. 14 is an enlarged sectional view of details of an A5 
portion of Fig. 13; Fig. 15 is an enlarged sectional view 
of details of an A6 portion of Fig. 13; Figs. 16A to 16D 
are enlarged sectional views of a modified form of a 
lateral waterproof structure; Fig. 17 is an enlarged 

20 sectional view of details of an A7 portion of Fig. 13; Fig. 
18 is an enlarged sectional view of details of an A8 
portion of Fig. 13; Fig. 19 is a sectional view of a 
sealing structure of the heat sink and the main casing 
body; Fig. 20 is a perspective view for depicting a 

25 positioning of a sealing for the heat sink; Fig. 21 is a 

three-view drawing of a sealing structure of the heat sink 
and the main casing body; Fig. 22 is a perspective view of 
a mode of positioning of a power circuit board and a small 
heat sink with respect to the heat sink; and Fig. 23 is a 

30 front view of the small heat sink. 

[0025] As shown in Fig. 1 and Fig. 2, a casing of a 
junction box 1 includes a substantially box-shaped metallic 
main casing body 2 that is open at a front face, and a 
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substantially box-shaped metallic front panel 3 that serves 
as a lid member that covers the front opening of the main 
casing body 2. The junction box 1 is of a type that is 
installed on a wall, and the main casing body 2 is fixed to 
5 the wall by arranging screws in two mounting holes 4 that 
are formed in an upper side of a back plate 2a (see Fig. 3 
and Fig. 5) of the main casing body 2 and two mounting 
holes 5 that are formed at a lower side of the back plate 
2a. 

10 [0026] A heat sink 10 for heat radiation, a terminal block 
20, power circuit boards 30, controlling circuit boards 35, 
a metal inner cover (also referred to as "circuit board 
cover") 40, a metallic terminal block cover 50, etc., are 
incorporated in the main casing body 2. As shown in Fig. 

15 13, etc., to be explained later, the heat sink 10 is 

positioned at a rear side of the main casing body 2 and, as 
shown in Fig. 3, the power circuit boards 30, the 
controlling circuit boards 35, and other electronic circuit 
boards are positioned at the front side of the main casing 

20 body 2. 

[0027] Fig. 3 is the diagram of the interior of the main 
casing body 2 as viewed from the front in the state where 
the circuit board cover 40 and the terminal block cover 50 
are removed, and in Fig. 3 are shown the (four in the 

25 present case) power circuit boards 30 and the (four in the 
present case) controlling circuit boards 35 that are 
positioned at the front side of the main casing body 2, and 
the terminal block 20 that is positioned at one side of the 
circuit boards. Here, the controlling circuit boards 35 

30 are daughter boards of the power circuit boards 30 and are 
mounted perpendicular to the power circuit boards 30. One 
power circuit board 30 and one controlling circuit board 35 
correspond to a single solar cell array, in which the solar 
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cell modules are connected in series, and by the one power 
circuit board 30 and the one controlling circuit board 35, 
various electrical processes and control, such as a 
boosting operation, are executed on the single solar cell 
5 array. In Fig. 3, LEDs 36 are mounted on the respective 
controlling circuit boards 35 for notifying the operation 
states of the respective power circuit boards 30 and 
controlling circuit boards 35 according to each solar cell 
array . 

10 [0028] As shown in Fig. 3, the terminal block 20 has a 

plurality of (four in the present case) switches 21, having 
input terminals 22, and output terminals 23 that are 
connected to the power conditioner, etc. 

[0029] In Fig. 4, the substantially L-shaped circuit board 
15 cover 40 is mounted so as to cover the power circuit boards 
30, the controlling circuit boards 35, and the peripheral 
electrical circuit portions, and the terminal block cover 
50 is mounted so as to cover the terminal block 20. On top 
of the circuit board cover 40 is attached a label 41, on 
20 which are indicated the model name of the solar cell 

modules, a table of specifications of the power cell arrays, 
a cable wiring diagram, and other information. Transparent 
windows are formed in the circuit board cover 40 and the 
label 41 at positions corresponding to the LEDs 36 at the 
25 four locations so that the LEDs 36 can be checked even when 
the circuit board cover 40, with the label attached, is 
mounted . 

[0030] The main casing body 2 shall now be explained using 
Fig. 5 to Fig. 8. On an upper plate 2b of the box-like 
30 main casing body 2 that is opened at the front face, a 

plurality of ventilation holes 6 are formed in parallel in 
correspondence to the position of the heat sink 10. A 
lower plate 2c of the main casing body 2 also has a 
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plurality of ventilation holes 7 formed in parallel in 
correspondence to the position of the heat sink 10. The 
positional pitch of the ventilation holes 6 and 7 is made 
equal to the positional pitch of radiating fins 11 of the 
5 heat sink 10 to be explained below, and the ventilation 

with respect to the heat sink 10 is thereby improved. That 
is, hole width dl of each of the ventilation holes 6 and 7 
is made equal to an interval d2 (see Fig. 11) between the 
radiating fins 11 of the heat sink 10, the width of each 

10 radiating fin 11 is made equal to the interval between 

holes of the ventilation holes 6 and 7, and the heat sink 
10 is mounted on the main casing body 2 so that the 
respective ventilation holes 6 and 7 directly oppose the 
gaps between the radiating fins 11 of the heat sink 10. 

15 [0031] On the lower plate 2c of the main casing body 2 are 
formed knockout holes 15 for passing through protective 
tubes (not shown) , containing exposed-wiring connecting 
cables to the solar cell array and the power conditioner, 
and screw holes 16 for fixing a lower plate 3c (see Fig. 2) 

20 of the front panel 3 by screws. On the back plate 2a of 
the main casing body 2 are formed, in addition to the 
mounting holes 4 and 5, mounting holes 17 for fixing the 
heat sink 10 by bolts and a knockout hole 18 for taking in 
a shielded wiring cable from the wall with respect to the 

25 solar cell array and the power conditioner. 

[0032] Left and right side plates 2d of the main casing 
body 2 are formed so that their front sides protrude 
frontward with respect to the upper plate 2b and the lower 
plate 2c. As shown in Fig. 6, which is the sectional view 

30 taken on Dl-Dl of the Al portion, a protrusion 8a, formed 
by drawing by a die, extends vertically at a forwardly 
protruding portion of each of the left and right side 
plates 2d. Also, a protrusion 8b is formed parallel to the 
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protrusion 8a. Although a detailed explanation using Fig. 
15 shall be given later, the protrusions 8a and 8b function 
to prevent the entry of rainwater into the interior of the 
main casing body 2 from gaps at the respective lateral 
5 faces of the main casing body 2 and the front panel 3. 
[0033] As shown in Fig. 7, a front upper portion (A2 
portion) 2e of each of the left and right side plates 2d of 
the main casing body 2 protrudes upward with respect to the 
surface of side plate 2d. The front face of the upper 

10 protrusion 2e is curved to enable the front panel 3 to be 
mounted readily. As shown in Fig. 7, which is the 
sectional view taken on D2-D2, the front side of the upper 
plate 2b of the main casing body 2 is bent to a C-like 
shape. That is, an erect portion 2f that is erected upward 

15 is formed on the front face of the upper plate 2b of the 
main casing body 2, and a rearward protrusion 2g that 
protrudes rearward from the erect portion 2f is formed 
further at the tip. As shall be explained later in detail 
using Fig. 14 , the rearward protrusion 2g functions to 

20 prevent the entry of rainwater into the interior of the 

main casing body 2 from gaps at upper portions of the main 
casing body 2 and the front panel 3. 

[0034] As shown in Fig. 8, which is the sectional view 
taken on D3-D3 of the A3 portion, the ventilation holes 6 

25 formed on the upper plate 2b of the main casing body 2 are 
formed at slightly downwardly recessed positions by a 
drawing process. That is, upper plate portions (referred 
to as "inter-hole margins") 2h, each of which is positioned 
between a ventilating hole 6 and an adjacent ventilating 

30 hole 6 on the upper plate 2b, are recessed with respect to 
other portions of the upper plate 2b, thereby forming steps 
2i and 2j between the portions. Here, the step 2j at the 
rear is formed to have a gradual slope. By thus downwardly 
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recessing the inter-hole margins 2h, a structure is 
provided with which the rainwater that enters the 
ventilation holes 6 is prevented from flowing in lateral 
directions and is drained downward readily. 
5 [0035] The front panel 3 shall now be explained using Fig. 
9 and Fig. 10. Fig. 10 is the sectional view taken on B-B 
of Fig. 9. The front panel 3 that has a substantially box- 
like shape includes a front plate 3a , an upper plate 3b, 
the lower plate 3c, and left and right side plates 3d. The 

10 lower plate 3c has formed therein mounting holes 60 for 
fixing the front panel 3 to the main casing body 2 by 
screws. At the tip of the upper plate 3b is provided a 
bent portion 3e that is bend substantially perpendicularly 
downward as shown in Fig. 10. 

15 [0036] The heat sink 10 shall now be explained using Fig. 
11. The heat sink 10 includes a base plate 12 and the 
radiating fins 11 that are erected on the base plate 12 and 
extend vertically. The base plate 12 has screw holes 62 
formed therein for fixing the power circuit boards 30, etc. 

20 [0037] Here, of the radiating fins, upper surfaces of the 

radiating fins 11 besides the two radiating fins 11a at the 
respective outer sides are positioned at positions that are 
lower by just a predetermined height hi than an upper 
surface of the base plate 12 so that steps 63 are formed 

25 between the upper surfaces of the radiating fins 11 and the 
upper surface of the base plate 12. By the structure, 
rainwater that has entered to the upper surfaces of the 
radiating fins 11 of the heat sink 10 is prevented from 
flowing in lateral directions and toward the various 

30 electronic circuit boards positioned at the front side of 
the main casing body 2, and the rainwater that has entered 
to the upper surfaces of the radiating fins 11 is drained 
downward readily. 
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[0038] The circuit board cover 40 shall now be explained 
using Fig. 12. The circuit board cover 40 has a 
substantially L-like box shape and includes a front plate 
40a, an upper plate 40b , a lower plate 40c, and left and 
5 right side plates 40d. A plurality of ventilation holes 64 
are formed in one of the side plates 40d. A plurality of 
transparent windows 65 that enable visual checking of the 
LEDs 36 of the controlling circuit boards 35 are formed in 
the front plate 40a. Also, a plurality of screw holes 66, 
10 for fixing the circuit board cover 40 to the main casing 
body 2 via, for example, the power circuit boards 30, are 
formed in the front plate 40a. 

[0039] The depth dimensions of the upper plate 40b and the 
lower plate 40c are set so that the rear end of the circuit 

15 board cover 40 contacts the base plate 12 of the heat sink 
10. Here, the upper plate 40b of the circuit board cover 
40 is inclined downward at a predetermined angle 9 from the 
rear side to the front side so that even if rainwater 
enters from the heat sink 10 side and the front side of the 

20 upper plate 2b of the main casing body 2 to the electronic 
circuit board side of the main casing body 2, the entering 
rainwater is made to flow frontward immediately by the 
upper plate 40b. The rainwater that has flowed frontward 
along the upper plate 40b of the circuit board cover 40 

25 drops downward along the front plate 40a, and drops to the 
exterior through gaps between the lower plate 2c of the 
main casing body 2 and the lower plate 3c of the front 
panel 3. 

[0040] The various waterproof structures of the junction 
30 box 1 shall now be explained in detail using Fig. 13 to Fig. 
22. Fig. 13 is the schematic sectional view of the 
principal portions as viewed from three directions in a 
state in which the heat sink 10 is mounted on the interior 
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of the main casing body 2 and the front panel 3 is mounted 
on the front face of the main casing body 2 . 
[0041] An upper waterproof structure between the main 
casing body 2 and the front panel 3 that is indicated by A5 
5 in Fig. 13 shall first be explained using Fig. 14. As 
shown in Fig. 7, the erect portion 2f that is erected 
upward is formed at the front face of the upper plate 2b of 
the main casing body 2 and the plate-like rearward 
protrusion 2g that protrudes rearward from the erect 

10 portion 2f is formed further at the tip. Also as shown in 
Fig. 10, the bent portion 3e that extends substantially 
perpendicularly downward is formed at the tip of the upper 
plate 3b of the front panel 3. When the front panel 3 is 
mounted on the main casing body 2, the inner wall surface 

15 of the bent portion 3e of the front panel 3 contacts the 
tip portion of the rearward protrusion 2g of the main 
casing body 2, thereby providing a plane-to-line contact 
structure. Also, a space 67 of some height is formed below 
the portion of contact of the bent portion 3e and the 

20 rearward protrusion 2g. 

[0042] With the waterproof structure, rainwater is 
definitely prevented from entering inside the main casing 
body by being sucked up by the capillary phenomenon as in 
the conventional waterproof structure based on plane-to- 

25 plane contact, and improved waterproof reliability can be 

provided even under severe storm conditions. Also, because 
the structure is realized by bending and without mounting 
separate parts to the main casing body, there is no worry 
of water leakage due to gaps between mounted parts. 

30 [0043] A lateral waterproof structure between the main 

casing body 2 and the front panel 3 indicated by A6 in Fig. 
13 shall now be explained using Fig. 15. As shown in Fig. 
6, the two columns of the protrusions 8a and 8b, formed by 
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a drawing process using a die, are formed on each of the 
left and right side plates of the main casing body 2. The 
protrusion 8b, which is positioned- near the tip of the side 
plate 3d of the front panel 3 and at the outer side when 
5 the front panel 3 is mounted on the main casing body 2, is 
provided to prevent the entry of rainwater from gaps 
between the lateral portions of the main casing body 2 and 
the front panel 3. The protrusion 8b thus preferably has a 
shape that protrudes as much as possible from the outer 

10 shape of the front panel 3 and closes the lateral gaps 
between the main casing body 2 and the front panel 3 as 
much as possible to a degree to which a gap at the 
protrusion 8a will not be enlarged by the deformation of 
the front panel 3. 

15 [0044] Meanwhile the other protrusion 8a, which is 

positioned at the inner side, is provided to prevent the 
rainwater that has entered from the lateral gaps between 
the main casing body 2 and the front panel 3 from entering 
further inward. The gaps between the protrusions 8a and 8b 

20 and the side plates 3d of the front panel 3 are thus 

preferably made as small as possible and the protrusions 8a 
and 8b are preferably made to contact the side plates 3d of 
the front panel 3 to a degree such that the front panel 3 
will not become deformed. 

25 [0045] With the lateral waterproof structure, gaps at the 
lateral portions of the main casing body 2 and the front 
panel 3 are eliminated, the entry of rainwater from the 
lateral portions is prevented definitely, and improved 
waterproof reliability can be provided even under severe 

30 storm conditions . 

[0046] The waterproofing can be improved further by forming 
a plurality of columns of each of the protrusions 8a and 8b. 
In this case, with the columns of the protrusion 8a that 
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are formed at the inner side, it is sufficient that at 
least one column of the protrusion contact the side plate 
3d of the front panel 3 substantially and the other 
protrusions do not necessarily have to contact the side 
5 plate 3d of the front panel 3. 

[004.7] Also, although the protrusion 8a is disposed on the 
main casing body 2 in the above, the same effects can be 
obtained by forming one or the columns of the protrusions 
8a at the inner surface of the side plate 3d of the front 

10 panel 3 instead. Even in this case, it is sufficient that 
at least one column of the protrusion among the protrusions 
8a provided on the inner surface of the side plate 3d of 
the front panel 3 contact the side plate 2d of the main 
casing body 2 substantially and the other protrusions do 

15 not necessarily have to contact the side plate 3d of the 

side plate 2d of the main casing body 2. Also as shown in 
Figs. 16B to 16D, the same one or the protrusions 8a may be 
formed on both the main casing body 2 and the front panel 3. 
With the example of Fig. 16B, the protrusion 8a on the 

20 front panel 3 is positioned at the rear of the protrusion 
8a on the main casing body 2 so that the front panel 3 is 
fitted onto the main casing body 2 upon being deformed. 
With the example of Fig. 16C, the protrusion 8a on the 
front panel 3 is formed so as to oppose the protrusion 8a 

25 on the main casing body 2, and because the height of each 
protrusion can be made low, warping and deformation of the 
metal plates (the main casing body 2 and the front panel 3) 
can be restrained. With the example of Fig. 16D, the 
protrusion 8a on the front panel 3 is positioned at the 

30 front of the protrusion 8a on the main casing body 2 so 

that the front panel 3 can be fitted onto the main casing 
body 2 without being deformed. By thus forming the one to 
the protrusions 8a on both the main casing body 2 and the 



21 



front panel 3, a waterproofing effect equivalent to or 
better than that of the example explained above can be 
obtained. 

[0048] A waterproof structure at a mounting portion of the 
5 heat sink 10 that is indicated by A7 in Fig. 13 shall now 
be explained using Fig. 17. Here, the heat sink 10 is 
fixed by screws 14 to the back plate 2a of the main casing 
body 2 by using legs 13 that are members separate from the 
heat sink 10. That is, legs 13 are fixed respectively to 

10 the radiating fins 11a at the respective outer sides at 

which the steps 63 are not formed and the legs 13 are fixed 
by the screws 14 to the back plate 2a of the main casing 
body 2. Here, by interposing packings 70 between the 
radiating fins 11a and the legs 13 and between the legs 13 

15 and the back plate 2a of the main casing body 2, the 

sealing against rainwater is improved. Also at the outer 
side of each packing 70 is formed a caulking 80 that closes 
the gap between the leg 13 and the back plate 2a of the 
main casing body 2. 

20 [0049] A waterproof structure at an upper portion of the 
heat sink that is indicated by A8 in Fig. 13 shall now be 
explained using Fig. 18. As mentioned above, with the heat 
sink 10, the upper surfaces of the radiating fins 11 are 
set at positions lower than the upper surface of the base 

25 plate 12 so that the steps 63 are formed between the upper 
surface of the base plate 12 and the upper surfaces of the 
radiating fins 11. Also as shown in Fig. 8, the 
ventilation holes 6 formed on the upper plate 2b of the 
main casing body 2 are formed at positions that are 

30 recessed downward by a drawing process. That is, each 

portion (inter-hole margin) 2h between the ventilating hole 
6 and an adjacent ventilating hole 6 in the upper plate 2b 
is recessed with respect to the other portions of the upper 
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plate 2b. Here, the height position of each inter-hole 
margin is lower than the upper surface of the base plate 12 . 
[0050] A packing 71 that serves- as a sealing member is 
fitted between the upper surface of the base plate 12 of 
5 the heat sink 10 and the upper plate 2b of the main casing 
body 2, and as shall be explained later, the caulking 80 
that serves as a sealing member is applied to locations at 
which the heat sink 10 contacts the main casing body 2 and 
at all gaps at which rainwater may enter. Thus with the 

10 junction box 1, although rainwater basically enters into a 
region C, which is indicated by broken lines in Fig. 13 and 
in which the radiating fins 11 of the heat sink are 
positioned, rainwater does not enter into regions besides 
the region. However, due to secular change and scattering 

15 in manufacturing, the packings and the caulking that serve 
as sealing members do not ensure the securing of complete 
sealing at all times. 

[0051] Thus with the junction box 1, by forming the heat 
sink 10 so that the upper surfaces of the radiating fins 11 

20 are lower in position than the upper surface of the base 

plate 12 and thereby forming the steps 63 between the upper 
surfaces of the radiating fins 11 and the upper surface of 
the base plate 12, rainwater that has reached the upper 
surfaces of the radiating fins 11 is made unlikely to enter 

25 to the upper surface of the base plate 12, that is, toward 
the packing 71 and is made to drop downward readily. When 
the upper surfaces of the radiating fins 11 are made the 
same in height as the upper surface of the base plate 12 
and the steps 63 are thereby eliminated, the rainwater that 

30 has reached the upper surfaces of the radiating fins 11 

flow in lateral directions (horizontal directions) without 
any obstruction and enter toward the packing 71 readily. 
[0052] Also, the inter-hole margins 2h between ventilation 



23 

holes 6 are recessed with respect to the other portions of 
the upper plate 2b, thereby forming a structure, with which 
the rainwater that collects on the upper plate 2b drops 
downward readily and the rainwater that has reached the 
5 inter-hole margins 2h is made unlikely to enter toward the 
upper face of the base plate 12, that is, toward the 
packing 71 and is made to drop downward readily. When the 
inter-hole margins 2h are not recessed but are made 
coplanar to the upper plate 2b, the rainwater that collects 

10 on the upper plate 2b does not drop downward readily and 
the rainwater that has reached the inter-hole margins 2h 
flows along the rear face of the inter-hole margins 2h and 
enters toward the packing 71. The inter-hole margins 2h 
are preferably recessed as deeply as possible. Also, when 

15 the heat sink 10, with the steps 63 formed as in the 

present embodiment, is employed, it is preferable from the 
standpoint of waterproofing to make the inter-hole margins 
2h be recessed downward to positions lower than the upper 
surface of the base plate 12. 

20 [0053] With the waterproof structure of the upper portion 
of the heat sink of the embodiment, because physical step 
structures that make rainwater drop downward readily and 
make it difficult for rainwater to enter in lateral 
directions are formed at the heat sink 10 and at 

25 ventilation hole portions at the upper side of the heat 

sink 10, even if the packings, caulking, and other sealing 
members degrade in sealing performance due to secular 
change or scattering in manufacturing, rainwater is made 
unlikely to enter into the interior of the main casing body 

30 2 . 

[0054] The sealing structures of the heat sink portions, 
etc., shall now be explained using Fig. 19 to Fig. 21. Fig. 
19 is the sectional view of the sealing structure between 
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the heat sink 10, to which the leg 13 has been mounted, and 
the main casing body 2, Fig. 20 is the perspective view for 
depicting the positioning of the caulking with respect to 
the heat sink 10 to which the leg 13 has been mounted, and 
5 Fig. 21 is the three-view drawing for depicting the 

positioning of the caulking with respect to the heat sink 
10, to which the leg 13 has been mounted, and the main 
casing body 2. As shown in these drawings, the caulking 80 
is applied to the entire periphery of the heat sink 10 to 

10 eliminate gaps between the heat sink 10 and the main casing 
body 2 and prevent the entry of rainwater into inner 
portions of the main casing body 2. Also as shown in Fig. 
21, a caulking 81 is applied to the inner side of the upper 
protrusions 2e of the side plates 2d of the main casing 

15 body 2. 

[0055] The waterproof structure at the electronic circuit 
board side shall now be explained using Fig. 22 and 23. As 
mentioned above, various waterproofing measures are applied 
in the junction box 1, and the area, in which the power 

20 circuit boards 30, the controlling circuit boards 35, and 
other electronic circuit boards are mounted is covered by 
the circuit board cover 40 having the upper plate 40b, 
which is inclined downward at the predetermined angle 0 
from the rear side to the front side. Although rainwater 

25 will thus hardly enter into the area in which the 

electronic circuit boards are mounted, in preparation for 
the unlikely event that rainwater does enter, the following 
waterproofing measures are applied to the electronic 
circuit board mounting area. 

30 [0056] As shown in Fig. 22, the power circuit boards 30 are 
mounted on the back surface of the base plate 12 of the 
heat sink 10. Also, power substrates 91 of high-voltage 
drive that are large in heat generating amount, such as an 
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IGBT (Insulated Gate Bipolar Transistor) that is 
electrically connected to the power circuit boards 30 are 
mounted on flat, small heat sink 90. Because entry of 
rainwater to such power elements 91 of high-voltage drive 
5 must be avoided as much as possible, a keel 92 is formed on 
an upper portion of the small heat sink 90, and as the keel 
92, one that is not horizontal but is inclined to the left 
or right is employed. Fig. 23 is the plan view of the 
small heat sink with the keel 92 and here, the keel 92 is 

10 inclined at an angle § . 

[0057] With the small heat sink 90 having the keel 92, the 
rainwater that enters into the area in which the electronic 
circuit boards are mounted and flow down along the back 
face of the base plate 12 of the heat sink 10 is stopped by 

15 the keel 92 and thereafter flows downward along the 

inclination of the keel 92. The entry of rainwater to 
power circuit boards 91 that are electronic circuits 
mounted on the heat sink 90 can thus be prevented 
definitely . 

20 [0058] The present invention can be applied to a power 
conditioner of a solar power generation system that is 
intended to be installed outdoors. Furthermore, the 
present invention is not restricted to apparatuses used in 
solar power generation systems and may be applied to others 

25 apparatuses that are intended to be installed outdoors. 

INDUSTRIAL APPLICABILITY 

[0059] As explained above, the outdoor apparatus according 
to the present invention is useful as a junction box, a 
30 power conditioner of a solar power generation system, or 
any apparatus that is intended to be installed outdoors. 



